TUDIES by Appleby et al. (1956) , Gutierrez and tlungate (1957), Eadie et al. (1959) and Eadie and Hollson (1962) indicated that ciliate protozoa normally inhabiting the rumen exerted considerable influence upon end products of rumen fermentation and upon tureen bacterial populations. The full significance of protozoa to the nutrition of cattle and sheep is not clear. However, Christiansen et at. (1965) and Abou Akkada and El-Shazly (1964) observed increased growth of lambs with protozoa as compared with lambs without ciliate protozoa. These workers observed higher concentrations of volatile fatty acids and ammonia in rumen fluid from faunated lambs, which suggested a faster rate of fermentation in the faunated rumen. The purpose of the present investigation was to study cellulose digestion and volatile fatty acid production in vitro by washed suspensions of rumen protozoa and bacteria.
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Materials and Methods
Four liters of tureen fluid were collected from a rumen-fistulated steer 6 hr. after feeding 4.5 kg. of a ration consisting of 50% ground ear corn and 50% good quality alfalfa hay. The steer was fed twice daily. The first 2 liters of fluid were collected as described by Christiansen et al. (1962) for isolation of protozoa. The second 2 liters of rumen fluid were coIlected from the upper layer of rumen ingesta for isolation of bacteria.
The preparation of the protozoa inoculum consisted of incubation of rumen fluid with 0.05% sucrose and 0.1% maltose at 39 ~ C. for 30 min. Feed particles were removed from the surface of the liquid with a small scoop. The upper liquid layer (about twothirds of the total volume) containing Entidinum and Dasytricha was transferred to another flask and incubated at 39 ~ C. The lower layer containing Diplodinium, Isotricha, Epidinium and Ophryoscolex was transferred to a separatory funnel. This was placed in a 39 ~ C. water bath until a layer of protozoa settled to the bottom. The layer of protozoa was withdrawn into a second separatory funnel containing 250 ml. of 0.8% NaCI at 39 ~ C. The fluid was shaken, and then the protozoa were allowed to settle prior to their removal as washed inoculum.
The rumen liquid containing the smaller protozoa was centrifuged at 30 g for 3 min. The residue obtained after the supernatant was decanted was suspended in 0.8% NaC1 at 39 ~ C. The smaller protozoa thus obtained were combined with the larger protozoa isolated from the separatory funnels. They were thoroughly mixed prior to their addition in different amounts to the washed bacterial inoculum.
The preparation of the bacterial inoculum consisted of straining the 2 liters of rumen fluid through four layers of cheesecloth into an insulated flask containing 1 liter of warm (39 ~ C.) phosphate buffer (1.059 gin. of Na2HPO4 and 0.436 gin. of KH2POa per liter). The pulp remaining on the cheesecloth was resuspended in the tureen fluid-phosphate solution and subsequently was strained through the cheesecloth into the insulated flask for transport to the laboratory.
The washing procedure for the bacterial inoculum was similar to that described by Cheng et al. (1955) , with the exception that 0.8~b NaC1 solution was used in place of distilled water in suspending the bacterial cells. Two liters of rumen fluid were used to prepare 1 liter of bacterial suspension for the in vitro studies.
Cellulose digestion studies in vitro were conducted as described by Cheng et al. (1955) by using the nutrient medium shown in table 1. Cultures were incubated for 20 hr. at 39 ~ C., and all treatments were run in triplicate within an experiment.
Total and molar proportions of volatile fatty acids were determined by using a gas chromatographic procedure outlined by Ralls (1960) as modified by Raun (1961) . The data were subjected to analysis of variance. 609 
Results and Discussion
The results obtained by adding washed ciliate protozoa to a washed bacterial suspension are given in table 2. In this experiment, using Solka Floc BW-40 as the substrate, cellulose digestion was increased by each level of protozoa added, showing a significant (P~.01) linear and quadratic response. Total acid production in all cultures containing protozoa was higher (P~.01) than in cultures containing only bacteria. Also, in the cultures containing protozoa, the proportions of acetate decreased (P~.05) and butyrate increased (P~.05). No significant change occurred in molar percent of propionate. A decrease from 1.38 to 1.17 in the ratio of acetate to propionate and a decrease from 20.9 to 5.8 in the ratio of acetate to butyrate resulted from the addition of 24 r Values represent the average of two exlzerimeots with samples pooled from three fermentation tubes. Differences of 9.1, 2.4, 3.9, 5,1 and 2.1 for cellulose digestion, total VFA and molar percent of acetate, propionate and butyrate, respectively, are significant (P<.05).
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ml. of settled protozoa per liter of medium. The in vitro changes in molar proportions of acids tended to be similar to those observed by Christiansen et al. (1965) between faunated and defaunated lambs.
The addition of bacteria from 2 liters of rumen fluid to 1 liter of fermentation medium containing protozoa increased (P ~.01) both cellulose digestion and acid production (table 3.). The molar proportion of acetate was reduced (P~.01) by this addition, while the proportion of propionate was increased (P~.01) by each level of bacteria, as compared with the culture containing only protozoa.
The sum of the cellulose digested by protozoa alone plus bacteria alone did not appear to account for the total cellulose digested and acid produced when the same concentration of bacteria and protozoa were combined. Cellulose digestion by protozoa alone was only about 7% (table 3) , and by bacteria alone it was only about 40% (table 2) . When the two were combined, cellulose digestion exceeded 60%. The acids produced in the protozoa cultures were primarily acetic and butyric, while the inclusion of protozoa with bacteria tended to reduce the molar proportion of acetic acid.
It seems plausible that the synergism between bacteria and protozoa could have been due to the result of cellulolytic bacteria stimulation rather than to a stimulation of both types of microorganisms. Increased cellulose digestion by rumen bacteria cultured in vitro has been demonstrated previously by including in the medium additions of crude a Concentration of bacteria expressed in liters of rumen fluid to prepare 1 liter of washed suspension.
b The medium which was not inoculated with bacteria contained 300' rag. of streptomycin per liter.
e Values for cellulose digestion are averages of data from two experiments with six fermentation tubes per treatment within an experiment.
d Volatile fatty acid analyses were made on samples pooled from six tubes within each experiment. Differences of 17.4, 5.7, 5.6, 3.8 and 3.9 for cellulose digestion, total VFA and molar percent acetate, propionate and butyrate, respectively, are significant (P<.05). b Supernatant resulting from centrifuging rumen fluid at 20,000 g replaced 10 ml. of the nutrient medium.
Means are significantly (P~.05) higher than the mean for bacteria control.
extracts of several natural products (Burroughs et al. 1950) , branched-chain acids (Bentley et al. 1955) , amino acids (Dehority et al. 1957 ) and certain B-vitamins .
The hypothesis that protozoa may have contributed a beneficial factor for bacterial cellulolytic activity was studied by subjecting the washed protozoa fraction to several physical treatments before combining them with the bacterial inoculum (tables 4 and 5). The addition of autoclaved and frozen and thawed protozoa or centrifuged rumen fluid to the bacterial inoculum increased (P~.05) cellulose digestion. However, the response was significantly (P~.05) less than that observed by adding viable protozoa. There were, however, no significant differences between the additions of treated protozoa or centrifuged rumen fluid using the multiple range test of Duncan (1955) . These results appear to demonstrate that protozoa contain factors which stimulate cellulose digestion by washed bacterial inoculum.
Rumen protozoa were further studied by steam distilling at pH 2.3. Significant quantities of volatile acids (30.6 /zmoles of acid per ml.) were recovered. However, steam distillation did not result in a loss of the stimulatory activity of the autoclaved protozoa (table 5) .
Also, addition of acid hydrolyzed casein or a mixture of vitamins B12 and biotin to the bacterial fermentation did not stimulate cellulose digestion (table 6) . However, the addition of protozoa increased (P~.01) cellulose digestion in the presence or absence of hydrolyzed casein or the B-vitamins. The stimulatory activity in protozoal preparations, therefore, appears to be different from the stimulatory factors found by other workers such as branched-chain acids (Bentley et al. 1955) , amino acids (Dehority et al. 1957) and B-vitamins ).
It appears improbable that the observed response to added protozoa is due to a readily available source of energy such as protozoal amylopectin, since results from unpublished experiments have demonstrated that the addition of readily available sources of energy such as corn starch does not stimulate cellulose digestion by washed suspensions of rumen bacteria. The high correlation coefficient (0.97) between cellulose digestion and acid production (table 3) suggests that acid production was the result of cellulose digestion rather than fermentation of a substrate added with protozoa.
The stimulation of cellulose digestion by the inclusion of protozoa with rumen bacteria suggests that protozoa exert a role in metabolic activity of the total rumen microbial mass, as suggested by several research work- ers. Eadie and Hobson (1962) and Abou Akkada and E1-Shazly (1964) observed that ciliated protozoa exert some control over bacterial populations within the rumen. The altered fermentation observed in the present study may have been the result of an increased proliferation of selected cellulolytic bacterial species. However, such an influence of protozoa on the bacterial population in vitro awaits experimental verification.
Summary
The addition of washed rumen protozoa to a washed suspension of rumen bacteria substantially increased cellulose digestion and acid production. The molar proportion of acetic acid was decreased, and butyric acid increased when both types of microorganisms were present. About 70% of the stimulatory activity of protozoa upon cellulose digestion by rumen bacteria was retained following autoclaving of the protozoa. Additions of protozoa increased cellulose digestion by rumen bacteria cultured in vitro in the presence of added volatile acids, a combination of vitamins B12 and biotin or acid hydrolyzed casein.
